ABSTRACT Antibiotic resistance chimeric plasmids have been constructed by in vitro enzymatic manipulation and introduced into Bacillus subtilis by transformation. The parental plasmids used had been introduced into B. subtiis from Staphylococcus aureus by transformation. Of the seven recombinant plasmids constructed using restriction endonucleases, one was made using EcoRI, another using Hpa II, and five with Xba I (from Xanthomonas badrii), demonstrating the utility of the latter enzyme for molecular cloning experiments. Although all of the recombinant plasmids we have made replicate and express their antibiotic resistance characters, three of them have suffered a loss of DNA, either in vitro or, more likely, in vivo. The deletion event in all cases involved-one of the two termini used to join the parental plasmids. The plasmid chimeras reported in this paper should prove useful for the study of plasmid replication, incompatibility, and recombination. In addition, the utility of the B. subtifis system for molecular cloning has been clearly illustrated.
The ability to carry out molecular cloning in Bacillus subtilis would be useful for a variety of studies on sporulation, transformation, and gene expression. In addition, such a capability might be industrially significant, because Bacillus species are of considerable commercial importance. Ehrlich (1) has shown that several chloramphenicol and tetracycline resistance plasmids isolated from Staphylococcus aureus can be introduced by transformation into B. subtilis. This raised the possibility that S. aureus plasmids might be useful as vectors for molecular cloning in R. subtilis. We have transferred additional S. aureus plasmids to competent B. subtilis strains and have initiated a study of the molecular biology of these plasmids. This paper reports the construction of several plasmid chimeras by molecular cloning, thus demonstrating the utility of the B. subtilis system for recombinant DNA experiments and providing a collection of new plasmids for studies on replication, incompatibility, and transformation as well as for the engineering of better cloning vectors.
MATERIALS AND METHODS
The B. subtilis host strain used in this study was BD170 (trpC2 thr-5). The plasmids used were originally isolated from S. aureus and were introduced into B. subtilis by transformation. All plasmid DNA preparations used in this study were isolated from B. subtilis. The plasmids are listed in Table 1 together with some relevant restriction endonuclease sites and molecular weights. The documentation of this data will be published elsewhere.'The isolation of covalently closed circular plasmid DNA was carried out by the sodium dodecyl sulfate/NaCl method of Guerry et al. (5) followed by dye-buoyant density centrifugation (6) . The preparation of bacterial DNA and competent cells and the transformation procedure was as described previously (7) , except that 1 mM ethylene glycol bis(#-aminoethyl ether)-N,N'-tetraacetic acid was added to the plasmid transformation mixtures, because this raises the frequency of plasmid transformation (unpublished). Restriction endonucleases were purchased from New England BioLabs. Digestions of DNA mixtures were by standard procedures (8) and will be described in detail elsewhere. After heating at 650 for 10 min, the digested samples were incubated with phage T4 ligase (Miles), using the conditions of Tanaka and Weisblum (9) . The final concentration of each restriction endonucleasetreated plasmid DNA in the reaction mixture was 10-15 ,g/ml.
Selection of antibiotic-resistant(r) clones following transformation was by the overlay method in tryptose blood agar base (Difco), allowing 90 min at 370 for expression before challenging with the drugs. Antibiotic concentrations used for selection were: chloramphenicol (Cm), 5 ,gg/ml; erythromycin (Em), 5 ,g/ml; kanamycin (Km), 5 ,ug/ml; streptomycin (Sm), 50 ,ug/ml. Strains carrying presumptive chimeric plasmids were purified on selective media before isolation of plasmid DNA. Plasmids and restriction endonuclease fragments were analyzed on agarose gels [Seakem, LE (low electroendosmosis)] using Tris/borate buffer (10) , and the gels were stained with ethidium bromide (1 ,ug/ml) for 30 Fig. 1 , along with that of their parents. These covalently closed circular DNA preparations were then used in a second round of transformation and selection was applied for the single and multiple resistance characters. Table  3 shows that the number of transformants obtained was essentially the same for the single and multiple selections, providing strong evidence that the new plasmids carried drug resistance characters from each of their parent plasmids. Electrophoretic mobilities of plasmids isolated from this second round of transformations were identical to those shown in Fig. 1 . The single recombinant plasmid isolated from experiment 6 was detected by screening 12 Kmr transformants electrophoretically for the presence of foreign DNA. One plasmid with increased size was obtained (Fig. 1D ). This plasmid was used to transform a second recipient for Kmr, and the transformants were all found to contain this larger plasmid. Fig. 2 shows restriction endonuclease fragments obtained from the new plasmids, and Table 4 (Fig. 2 A and B) . The pBD6 Xba I products form a double band, as seen from comparison with the pBD6-HindIII linear product. pBD7 has two fragments produced by EcoRI, one corresponding to linear pUB110 and the other having a size of 1 megadalton (MDal) (Fig. 2D) (16) . This is our preferred interpretation because linear and nicked circular plasmid DNA does not transform B. subtiins (unpublished). In addition, the deletions seem to occur in a specific manner. For instance, in exp. 3 (Table 3) , eighteen independent transformant clones contained new plasmids with identical electrophoretic mobilities which had lost 1.6 MDal of DNA. Similarly, in exp. 4 (Table 2) , three independent Kmr Emr Cmr transformants lost the Smr character along with approximately 4.0 MDal of DNA.
The chimeric plasmids isolated and characterized in this report provide useful tools for the analysis of replication, incompatibility, and the uptake and recombination of DNA during transformation. They also provide the raw materials for the construction of second-generation cloning vectors in B. subtilis. For instance, the chimeric plasmids conferring two or more antibiotic resistance characters can be used to search for insertional inactivation (16) as a means to facilitate the identification of recombinant plasmids containing foreign DNA.
